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Project Objectives
• Develop a method for calculating campus Scope III emissions related to
passenger vehicle commuting
• Calculate UMass FY 2013 -2015 Scope III emissions
• Document the process for future application and improvement
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Data Sources
UMASS Parking Services
Database of parking permits and their holders
MASS GIS resources 
ARCGIS online geocoding Service
Use the Esri Geocoding Service to convert an address or place name to latitude and longitude. For example, if you know the 
address of a business and want to put it on a map, you can use geocoding to find the coordinates.
Neighboring States resources  
ARCGIS online North America Routing Service
The World Route service can be used to find the best way to get from one location to another or to visit several locations. The 
service can be used to generate routes in and between many countries around the world.
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UMass Parking Services Data Format
10,269 Records for FY 13 in Excel, 4,478 Employees and 5,791 Students
8,416  Records for FY 14 in Excel, 4,457 Employees and 3,959 Students
9,758  Records for FY 15 in Excel, 4,484 Employees and 5,274 Students
id Status address city State zip LOT MAKE MODEL YEAR
1000 Employee 10 Palley Village Place Amherst MA 01002 Lot 67 TOYO 2000
1001 Employee 61 Woodbridge Terrace#6 South Hadley MA 01075 Lot 65 MINI 2006
1002 Employee 221 Massachusetts Ave Boston MA 02115 Lot 24 LEXU ES250 2010
1003 Employee 104 State Street Northampton MA 01060 Lot 32 HOND CRV 2001
1004 Employee 60 Patterson Avenue Springfield MA 01119 Lot 65 AUDI 2013
1005 Employee 112 SUNSET DRIVE SPRINGFIELD MA 01109 Lot 33 NISS VERSA 2007
1410 Employee 280 Green River Road Greenfield MA 01301 Upper Garage FORD FOC 2008
1416 Employee West Leyden Rd Leyden MA 01337 Motorcycle BMW 2007
1417 Employee West Leyden Rd Leyden MA 01337 Lot 27 HOND 2001
1418 Employee 22 Salem Place Amherst MA 01002 Lower Garage NISS ALT 2002
1419 Employee 66 Gulf Road Belchertown MA 01007 Transit TOYO 2007
1432 Employee 156 School St Greenfield MA 01301 Night TOYO COR 2010
1530 Employee 86 S Plain Rd Sunderland MA 01375 Special PONT VIB 2009
1556 Employee 10A Hadley Rd. Sunderland MA 01375 Child Care HYUN ELA 2007
1576 Employee 404 Alvord Place South Hadley MA 01075 Upper Garage SUBA FOR 2008
11269 Student WORCESTER 01604 Lot 66 HYUN ELA 2013
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Data Quality
• Requires manual input
• Typos in City Names – Ex. 7 versions of Amherst, 6 for Belchertown
• Lacks Personnel Type Detail
• Includes Lot Numbers that don’t have a clear location
• Uses abbreviations for Vehicle Make and Model/ lacks an authoritative 
vehicle list
• Home address for commuting purposes may not be valid
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Map of home addresses in data
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UMASS PARKING DATA
Personnel ID
Home Address
Lot Number
Car Type
DATABASE
Personnel ID
Home Address
Lot Number
DATABASE
Personnel ID
Personnel Type
Home Address
Lot Number
X,Y HOME
X,Y PARKING 
FME
FME
GEODATABASE
Address Locators
Parking Lots
Locations
Analytical Methodology
ARCGIS online 
geocoding Service
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NEW DATABASE
Personnel ID
Personnel Type
Home Address
Lot Number
Car Type
X,Y HOME
X,Y PARKING 
NEW DATABASE
Personnel ID
Personnel Type
Home Address
Lot Number
Car Type
X,Y HOME
X,Y PARKING 
Information about 
shortest Distance in 
JSON
FME 
DATA GENERATION
ARCGIS online 
North America 
Routing Service
Analytical Methodology
FME
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Max work days/employee = (52 weeks x 5 days) – 15 holidays = 245 days
Employees park on campus an average of 80% of the time 
245 X 0.8 = 196 days
Total AVMT per person = Commute/miles X 196 days
Correction for long-distance commuters
Employee Commuting - Base Assumptions of the Analysis 
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Annual VMT FY13 Percentage FY13 FY14 Percentage FY14 FY15 Percentage FY15
350 43 1.0% 39 0.9% 43 1.0%
400 20 0.4% 17 0.4% 19 0.4%
450 47 1.0% 20 0.5% 23 0.5%
500 23 0.5% 25 0.6% 25 0.6%
550 19 0.4% 22 0.5% 28 0.6%
600 38 0.8% 40 0.9% 40 0.9%
650 43 1.0% 49 1.2% 43 1.0%
700 38 0.8% 29 0.7% 29 0.6%
1000 213 4.8% 234 5.5% 235 5.2%
1500 344 7.7% 311 7.3% 320 7.1%
2000 433 9.7% 362 8.5% 382 8.5%
4000 945 21.1% 899 21.1% 949 21.2%
6000 900 20.1% 879 20.6% 905 20.2%
8000 536 12.0% 506 11.9% 540 12.0%
10000 305 6.8% 311 7.3% 322 7.2%
30000 456 10.2% 441 10.4% 487 10.9%
More 75 1.7% 73 1.7% 94 2.1%
Total 4478 100% 4257 100% 4484 100%
Employees AVMT percentage Distribution
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Drive Time Annual VMT % Change 
FY 13
Total 686,422 24,162,666 0.00%
Average 153 5,396 0.00%
Max 714 36,495
Min 1.03 21.89
Median 131 4,066
FY 14
Total 662,160 23,342,066 -3.40%
Average 156 5,483 1.62%
Max 727 36,456
Min 5.20 75.83
Median 134 4,140
FY 15
Total 711,957 25,439,485 8.99%
Average 159 5,673 3.47%
Max 765 36,456
Min 3.06 64.30
Median 136 4,180
Employees AVMT 2013 – 2015 Trends
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Max student study days = (32 weeks x 5 days) – 5 = 155 days
Students park on campus an average of 80% of the time 
155 X 0.8 = 124 days
Total AVMT per student = Commute/miles X 124 days
Students Commuting - Base Assumptions of the Analysis 
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Annual VMT FY13 Percentage FY13 FY14 Percentage FY14 FY15 Percentage FY15
150 37 0.6% 52 1.3% 67 1.3%
200 82 1.4% 745 18.8% 1214 23.0%
250 920 15.9% 597 15.1% 834 15.8%
300 1139 19.7% 466 11.8% 753 14.3%
350 996 17.2% 765 19.3% 975 18.5%
400 600 10.4% 22 0.6% 25 0.5%
450 41 0.7% 341 8.6% 558 10.6%
500 32 0.6% 32 0.8% 21 0.4%
750 304 5.2% 148 3.7% 115 2.2%
1,000 171 3.0% 92 2.3% 71 1.3%
1,252 203 3.5% 55 1.4% 62 1.2%
1,500 126 2.2% 35 0.9% 41 0.8%
1,750 83 1.4% 34 0.9% 23 0.4%
2,000 64 1.1% 22 0.6% 13 0.2%
2,500 148 2.6% 59 1.5% 54 1.0%
3,000 98 1.7% 18 0.5% 26 0.5%
4,000 125 2.2% 33 0.8% 38 0.7%
5,000 108 1.9% 29 0.7% 30 0.6%
10,000 166 2.9% 86 2.2% 107 2.0%
15,000 50 0.9% 32 0.8% 31 0.6%
More 298 5.1% 292 7.4% 216 4.1%
Total 5791 100.0% 3955 100.0% 5274 100.0%
Students AVMT percentage Distribution
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Drive Time Annual VMT % Change 
FY 13
Total 314,356 12,028,588 0.00%
Average 54 2,077 0.00%
Max 506 23,089
Min 0.39 13.48
Median 20 303
FY 14
Total 223,323 9,142,290 -24.00%
Average 56 2,312 11.29%
Max 558 23,064
Min 0.00 13.28
Median 20 315
FY 15
Total 213,184 7,835,854 -14.29%
Average 40 1,486 -35.73%
Max 531 23,064
Min 0.38 13.28
Median 14 266
Students Annual Vehicle Mileage Traveled 2013 – 2015 Trends
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UMass Total Commuter’s AVMT Distribution Trend
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Map of Total AVMT Commuter Distribution
UMASS
AMHERST
c a m p u s   p l a n n i n g
a division of  facilities and campus services
Annual Vehicle Mileage Traveled
×
8.89 × 10-3 metric tons CO2/gallon gasoline
×
1/21.4 miles per gallon for car/truck average 
Divided by 
0.988 metric tons CO2/gallon gasoline
Metric Tons per year
Number of Homes Total Energy Usage/year
Number Homes Total Electricity Usage/year
Barrels of Oil/year
EPA Co2 Calculation Method
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Drive Time Annual VMT Percentage of Change CO2 Equivalent 
Emission  (Metric Tons)
Students
FY13 314,356 12,028,588 0.00% 5,063
FY14 223,323 9,142,290 -24.00% 3,848
FY15 213,184 7,835,854 -14.29% 3,298
Employees
FY13 686,422 24,162,666 0.00% 10,171
FY14 662,160 23,342,066 -3.40% 9,826
FY15 711,957 25,439,485 8.99% 10,708
UMass Campus Total
FY13 1,000,778 36,191,255 0.00% 15,234
FY14 885,484 32,484,356 -10.24% 13,674
FY15 925,141 33,275,339 2.43% 14,007
UMass Scope III GHG Emissions – Estimated AVMT Method
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UMass Scope 3 GHG Emissions 
Campus Employee Air Travel Emissions
Fiscal Year 2013 -2015
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Project Objectives  
• Develop a method for calculating campus Scope III emissions related to
employee air travel
• Calculate UMass FY 2013 -2015 Scope III emissions
• Document the process for future application and improvement
UMASS
AMHERST
c a m p u s   p l a n n i n g
a division of  facilities and campus services
Data Sources
Procurement Business Service
Departmental and Individual procurement data shows Air-tickets, origins, and destinations. 
ESRI USA Airports Hub Size
U.S. Airports provides the boundaries for thousands of airports and runways. Attributes for each airport in this database include 
location id (airport code), owner, elevation, congestion level, and large certified air carrier enplanements.
EPA Air Travel Emission Factors 
Center for Corporate Climate Leadership GHG Emission Factors Hub. This document was designed to provide organizations with a 
regularly updated and easy-to-use set of default emission factors for organizational greenhouse gas reporting.
Great Circle Mapper
The Great Circle Mapper began in 1996 as a free tool for visualizing the path between airports around the globe—a geodesic, 
commonly known as the great circle path—and for computing the distance along this path. 
A comprehensive database containing over 40,000 airports and other facilities allows users to generate maps using nearly any 
airport in the world.
UMASS
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UMass Procurement Business Service Data Format
42,060 Records in Excel
9,059 FY 12 95 Records before FY12 
19,900 FY 13
6,701  FY 14
6,016 FY 15
MCC
MCC 
Description Tkt Number
Depart 
Travel Date Dest City Orig City FY Fare Base Service Class
Passenger 
Name
Transaction 
Post Date
3007 Air France 05723356334043 4/19/2013 BOD CDG 2013N N 4/19/2013
3007 Air France 05723356334043 4/19/2013 CDG BOD 2013Q Q 4/19/2013
3007 Air France 05723360542594 4/29/2013 MEX CDG 2013R R 4/29/2013
3000 United Airlines 01626034506180 6/29/2012 ORD BDL 2012ED/D ED 7/2/2012
3000 United Airlines 01626034676140 6/30/2012 ORD BDL 2012ED/D ED 7/2/2012
3000 United Airlines 01629211077826 6/29/2012 CLE LAX 2012ED/D ED 7/2/2012
3000 United Airlines 01629212140651 6/28/2012 IAD SFO 2012ED/D ED 7/3/2012
3008 Lufthansa 22070723263010 6/28/2012 CDG MUC 2012FARE T 7/2/2012
3008 Lufthansa 22070723263010 6/28/2012 IST ZRH 2012FARE T 7/2/2012
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ESRI USA Airports Hub Size
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EPA Air Travel Emission Factors
Fiscal Year MMBtu / passenger mile kg CO2 / mile kg CH4 / mile kg N2O / mile
1990 0.004766563 0.915466074 9.21535E-06 1.05924E-05
1991 0.004536137 0.871210476 8.76986E-06 1.00803E-05
1992 0.004413371 0.84763205 8.53252E-06 9.80749E-06
1993 0.004457418 0.856091779 8.61768E-06 9.90537E-06
1994 0.004344826 0.834467317 8.4E-06 9.65517E-06
1995 0.004282079 0.819872594 8.27869E-06 9.51573E-06
1996 0.004095891 0.798821716 7.91872E-06 9.10198E-06
1997 0.004091169 0.797900734 7.90959E-06 9.09149E-06
1998 0.00388095 0.756901694 7.50317E-06 8.62433E-06
1999 0.004009144 0.781903342 7.75101E-06 8.90921E-06
2000 0.003892236 0.759102716 7.52499E-06 8.64941E-06
2001 0.003848188 0.750512019 7.43983E-06 8.55153E-06
2002 0.003607876 0.703644097 6.97523E-06 8.0175E-06
2003 0.003492953 0.681230677 6.75304E-06 7.76212E-06
2004 0.003407854 0.664633774 6.58852E-06 7.57301E-06
2005 0.003231973 0.630331682 6.24848E-06 7.18216E-06
2006 0.003141605 0.612707309 6.07377E-06 6.98135E-06
2007 0.003040058 0.59290244 5.87744E-06 6.75568E-06
2008 0.002936042 0.572616204 5.67635E-06 6.52454E-06
2009 0.002774477 0.541106325 5.36399E-06 6.16551E-06
2010 0.002690893 0.52480488 5.20239E-06 5.97976E-06
2011 0.002690893 0.52480488 5.20239E-06 5.97976E-06
2012 0.002690893 0.52480488 5.20239E-06 5.97976E-06
2013 0.002690893 0.52480488 5.20239E-06 5.97976E-06
UMASS
AMHERST
c a m p u s   p l a n n i n g
a division of  facilities and campus services
Great Circle Mapper
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Analytical Methodology (Great Circle Mapper)
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ESRI USA AIRPORTS
Name of the Airports
Boundary
US AIRPORTS
Name
X,Y Center points
NEW DATABASE_1
Ticket Number
Origin
Destination
FY
X,Y Origin Airport
X,Y Destination
Airport
FMEFME
DATABSE AIR TRAVEL
Ticket Number
Origin
Destination
Ticket Date
(Converted to FY)
Analytical Methodology
Finding the MatchFinding
Center points
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Great Circle Mapper NEW DATABASE_2
Ticket Number
Origin
Destination
FY
X,Y Origin Airport
X,Y Destination
Airport
FME
DATABSE AIR TRAVEL
Ticket Number
Origin
Destination
Ticket Date
(Converted to FY)
Analytical Methodology
HTPP Fetcher  
to Find  
Airport Center 
points
International 
(Rejected from initial 
Matching)
NEW DATABASE_1
International
National
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Analytical Methodology
𝒂𝒂 = 𝒔𝒔𝒔𝒔𝒔𝒔𝟐𝟐 ∆𝝋𝝋
𝟐𝟐
+ 𝒄𝒄𝒄𝒄𝒔𝒔 𝝋𝝋𝟏𝟏 × 𝒄𝒄𝒄𝒄𝒔𝒔(𝝋𝝋𝟐𝟐) × 𝒔𝒔𝒔𝒔𝒔𝒔𝟐𝟐 ∆𝜷𝜷𝟐𝟐
𝑪𝑪 = 𝟐𝟐 × 𝑨𝑨𝑨𝑨𝒄𝒄𝑨𝑨𝒂𝒂𝒔𝒔𝟐𝟐( 𝒂𝒂, 𝟏𝟏 − 𝒂𝒂)
𝑫𝑫𝒔𝒔𝒔𝒔𝑨𝑨𝒂𝒂𝒔𝒔𝒄𝒄𝑫𝑫 = 𝑹𝑹 × 𝑪𝑪
Using the “Haversine” formula to calculate the great-circle distance between two points 
The shortest distance over the earth’s
UMASS
AMHERST
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a division of  facilities and campus services
Analytical Methodology
EPA EMISSION
FACTORS
FY
Kg CO2 / Mile
Kg CH4/ Mile
Kg N2O/ Mile
PYTHON
Calculating 
the emissions 
based on EPA 
emission 
factors
Calculating Distance 
between Origin and 
Destination Using 
‘Haversine’ formula
NEW DATABASE
Ticket Number
Origin
Destination
FY
X,Y Origin Airport
X,Y Destination
Airport
NEW DATABASE
Ticket Number
Origin
Destination
FY
X,Y Origin Airport
X,Y Destination
Airport
Mileage Traveled 
NEW DATABASE
Ticket Number
Origin
Destination
FY
X,Y Origin Airport
X,Y Destination
Airport
Mileage Traveled 
CO2e
FME
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UMass Air Travels Co2e emissions 
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UMass Air Travels Co2e emissions Distribution
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UMass Air Travels Co2e emissions Table
CO2e Before 2013 2013 2014 2015
0.5 3,170 6,749 2521 1,863
1 2,146 4,985 1,714 1,807
1.5 949 1,682 529 604
2 549 1,569 341 427
2.5 210 446 101 106
3 223 460 164 131
3.5 104 131 77 52
4 163 322 87 83
4.5 71 148 81 45
5 43 108 26 24
7 78 211 44 38
9 58 204 65 84
More than 9 7 19 3 5
UMASS
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UMass Air Travels Co2e emissions (FY 12-15)
FY CO2e Total Numbers MEAN CO2e MEDIAN CO2e MIN CO2e MAX CO2e
2011 57.10 16 3.56 2.02 0.089 7.434
2012 7903.11 7686 1.02 0.67 0.021 12.336
2013 18572.68 17033 1.09 0.67 0.029 12.336
2014 5781.74 5753 1.00 0.60 0.025 11.414
2015 5995.90 5270 1.06 0.67 0.025 11.414
Total 38310.55 35758 1.06 0.67 0.021 12.336
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